Abstract: Kuhl and colleagues have described a "perceptual magnet effect" in which subjects show a decreased ability to discriminate between vowel-like stimuli when these stimuli fall near a prototypical vowel from their native language (I). Two neural network models of the effect (2,3) hypothesize that the effect can be induced in adults in non-speech modalities. The current experiments test this hypothesis. Adult subjects' discrimination sensitivities to narrow-band noise stimuli were tested before and after training sessions. In the first experiment, training consisted of a categorization task that preferentially exposed subjects to stimuli from a small frequency range meant to correspond to the region near a prototypical vowel. Sensitivity tests after training revealed that subjects had become worse at discriminating sounds from this "prototype" range as compared to a "non-prototype" range that was not present during training. This suggests that the magnet effect reflects neural mechanisms common to different sensory modalities. In the second experiment, which acted as a control, the subjects underwent a different training regimen and became better at discriminating within the prototype range as opposed to the nonprototype range. This suggests that the development of a magnet effect depends on the type of training, not just the distribution of stimuli encountered during training.
Introduction
An important recent finding concerning the perception of phonetic information is the perceptual magnet effect (1). This effect is characterized by a decreased ability to discriminate between vowel-like stimuli when these stimuli fall near a prototypical vowel from a subject's native language. The magnet effect is language-specific and evident in humans as early as 6 months of age. Two recent neural network models have been proposed to explain the effect (2, 3) . In both models, the effect results from experienced-based changes in neural maps in the auditory regions of the brain. These maps are assumed to arise from the same principles as map formation in other modalities, including vision and somatic sense. Relatedly, reorganization of auditory cortex topography after partial cochlear lesions has been reported in guinea pigs, cats, and it has been shown that repeated exposure to tones in a particular frequency range during learning of a discrimination task in owl monkeys resulted in an increase in the number of auditory cortex cells tuned to the trained frequency (see (3) ). Since the models assume that the magnet effect arises from general map formation properties, they predict that it should be possible to induce the perceptual magnet effect in non-speech modalities with appropriate exposure to a set of training stimuli. The current experiments test this hypothesis.
Experiments
Two experiments, involving 10 subjects each, were performed. The two experiments followed the same basic paradigm, differing only in the type of training the subjects underwent. Stimuli used in the experiments were narrow-band filtered samples of white noise with different center frequencies, thus systematically varying only along the frequency dimension. An adaptive up-down staircase method was used to determine a discrimination threshold (the just noticeable difference, or JND) for each subject. Using this threshold, stimuli for the rest of the experiment were generated. A pre-test was performed to determine the subject's baseline sensitivity. This was followed by the appropriate training regimen and then a post-test to determine the change in sensitivity. The pre-and post-tests were identical and measured discriminability in a control region of frequency space, which was not experienced during training, and in a range that was used during training. The noise stimulus at the center of the training region will be referred to as the "prototype", and the stimulus at the center of the control region will be referred to as the "non-prototype".
During pre-and post-testing, the sensitivity or perceptual distance for exemplars spaced 1, 1.5 and 2 JNDs from the prototype and non-prototype were determined. Tests were conducted in two blocks, using an AX Same-Different paradigm, with 64 trials per block. The inter-stimulus interval (ISI) was Is, with a brief burst of white noise 500 msec in the middle. Subjects indicated whether the tones they heard were same or different by pressing the 's' or 'd' key on a computer keyboard.
In the first experiment, a "categorization training" regimen was used. For each training trial, a subject was presented with a short series of stimuli and asked to identify which of the stimuli was from the training region. Exemplars from the training region could also be presented between trials upon request by the subject. Each subject trained for 10 sessions, with 30 trials per session, Overall training time was approximately 45 minutes, and most subjects could perform the categorization task with high accuracy by the end of training. The second experiment used a "discrimination training" regimen, in which listeners were presented with pairs of stimuli from the training region and asked whether the two stimuli were the same or different. Care was taken to ensure that the number of times a subject listened to a given sound from the training category was the same in both experiments, and subjects were provided with outcome feedback in the training sessions for both experiments. (4) with determination of mean hit and false alarm rates and then deriving group d' scores. The changes in d' after the training as compared to before are shown in Figure 1 for both the control and training regions. The change in d' was analyzed using paired t-tests. In the first experiment, subjects were significantly worse after training, t(5) = 5.14, p < 0.02, at discriminating stimuli from the central exemplar of the training region (i.e., the "prototype") than from the central exemplar of the control region (the "non-prototype").
Results

d' was calculated for groups according to guidelines by Macmillan and Kaplan
In other words, a perceptual magnet-like effect was induced for narrow-band noise stimuli from the training region. This suggests that the magnet effect reflects neural mechanisms common to different sensory modalities and supports the prediction of both models that the magnet effect can be induced with non-speech stimuli. In the second experiment, subjects became better, t(5) = -3.23, p < 0.02, at discriminating stimuli from the central exemplar of the training region than from the central exemplar of the control region. This result suggests that different kinds of training can lead to different kinds of changes in the subject's discriminability. 
